Understanding river response to relative sea-level (RSL) changes is essential for predicting 25 fluvial stratigraphy and source to sink dynamics. Recent theoretical work has suggested that 26 during RSL fall rivers can remain aggradational. However, field data are needed to verify this 27 response and investigate sediment deposition processes. We show with field work and modeling 28 that during RSL fall fluvio-deltaic systems can remain aggradational or at grade, leading to 29 superelevation and delta lobe avulsions. Our field site is the Goose River in Newfoundland-30
INTRODUCTION 41
Predicting how rivers erode or deposit sediment in response to relative sea-level (RSL) 42 change is critical for understanding sequence stratigraphy (Catuneanu, 2006 ) and source to sink 43 dynamics (Romans and Graham, 2013) . Despite this importance, it is unclear if during RSL fall 44 rivers incise and bypass sediment to the deep marine (e.g. Vail, 1977) , or if they deposit 45 sediment on the coastal plain starving the deep marine (e.g. Holbrook and Bhattacharya, 2012) . 46
In the latter case, strata deposited during RSL fall are typically terraced deposits with a 47
5
Our OSL results and topographic analysis shows that during RSL fall the Goose River 101 avulsed to create at least three delta lobes at progressively lower elevations (Fig. 1 inset) . OSL 102 ages suggest the Goose River delta avulsed from lobe B to C between 1 and 2 ka. During 103 deposition lobes B and C possessed vertical aggradation rates of ~4 and ~3 mm yr -1 , respectively. 104
Although we did not collect OSL samples for lobe A, we can estimate its age using the surface 105 elevation and the local sea-level curve. This method suggests it dates to ~3 ka. 106
107

NUMERICAL MODELING SETUP AND RESULTS 108
To understand the behavior of the Goose River in more detail we conducted a series of 109 modeling experiments of delta growth under RSL fall using Delft3D. Our model setup uses 110 boundary and initial condition measured on the Goose River. We simulate a fluvial system 111 entering a standing body of water with no tides, waves, or buoyancy forces. The river has a 112 constant bankfull discharge of 300 m 3 s -1 and carries an equilibrium concentration of 350 µm 113 sediment. Along the seaward boundary we specify constant RSL fall rates varying from 0 to 10 114 mm yr -1 (consistent with temporal variability at Goose Bay) using 1 mm yr -1 increments and we 115 simulate rates of 16 and 20 mm yr -1 to explore all of parameter space; this results in 13 runs total 116 (Table 1) . Before RSL fall begins, a delta progrades basinward until the average topset slope 117 reaches dynamic equilibrium. We used this delta topography as the starting point for each RSL 118 fall scenario (see Data Repository for more information on model setup). 119
For analysis we mark the durations of all avulsions during RSL fall that create new, 120 distinct delta lobes. An avulsion is considered complete after water and sediment transported in 121 the initial delta lobe diminishes to zero. We define a delta lobe as a set of contemporaneous 122 channels feeding a topset of relatively constant elevation that is separated from neighboring 123 depocenters by an abrupt change in elevation (Fig. 2) . We ignore the smaller intradelta lobe 124
avulsions (sensu Edmonds et al., 2009). 125
In our model runs, during RSL fall there is fluvio-deltaic deposition on the coastal plain 126 that is punctuated by fluvial avulsion (Figure 2A-C) . This is consistent with observations on the 127
Goose River and recent work (Muto and Steel, 2004) . No delta lobe avulsions occurred for runs 128 with RSL fall of 0 to 2 mm yr -1 . We find that avulsion period decreases with increasing RSL fall 129 rate (Fig. 2D) . Avulsion number also increases with RSL fall, until a point is reached and they 130 decline rapidly ( Figure 2D ). 131
DISCUSSION OF FIELD DATA AND MODELING 132
Our field and numerical modeling results show that rivers can avulse and deposit multiple 133 delta lobes on the coastal plain during RSL fall. This result is significant as RSL fall should 134 suppress avulsions because channel incision, if fast enough, counteracts normalized 135 superelevation (height from water surface to sea-level relative to parent channel depth) that 136 commonly precedes avulsion (Slingerland and Smith, 2004) . where qs is the 143 sediment supply per unit width of the active delta lobe (m 2 s -1 ), S is the water surface slope, and r 144 is the rate of RSL fall (m s -1 ). We take T to be the avulsion period, since that sets the duration a 145 given delta lobe is exposed to RSL fall, or in the case of no avulsions we use the total duration of 146
RSL fall. 147
Both the Goose River and our model runs with RSL fall of 1 to 10 mm yr -1 possess τ/T 148 >> 1 (Table 1) suggesting in these cases the fluvial system has not responded to RSL fall. This 149 is further supported by modeled channel bed elevations that show little incision (Fig. 3A) . We 150 suggest avulsions continue because RSL fall superelevates the fluvial system, and also creates 151 surface gradient advantages where steeper delta front foresets are exposed due to shoreline 152 retreat. Consider that prior to the avulsion in Fig. 2C the channel does not incise (because τ/T 153 >> 1, Table 1 ) and sea-level decreases faster than the water surface elevation in the channel. 154
This leads to a normalized superelevation of ~0.4 before avulsion ( Fig. 3B ), which is a 155 reasonable value for avulsion initiation in other systems (Hajek and Wolinsky, 2012) . New delta 156 lobes are created as overbank flow accelerates down steeper pathways and forms incisional 157 avulsion channels (e.g., Hajek and Edmonds, 2014) (Fig. 3) . Thus, the avulsion period decreases 158 with faster RSL fall rates because channels superelevate faster (Fig. 2D) . 159
At higher RSL fall rates of 16 and 20 mm yr -1 the model runs are characterized by τ/T < 1 160 (Table 1) . In these runs, the channel bed quickly erodes through the initial delta lobe (Fig. 4C) , 161 entrenching the active channel and suppressing future avulsions. The few avulsions that do 162 occur arise from upstream migrating knickpoints that capture the river. The fluvial system 163 continues to deposit sediment and prograde as it follows the rapidly falling shoreline, but there 164 are no terraces and the surface grade is set by the RSL rate and underlying slope (Muto and 165
Swenson, 2006). 166
IMPLICATIONS 167
Our field and numerical results suggest that for a given fluvio-deltaic system, if τ/T >> 1 168 falling-stage deposits are characterized by a series of terraced, downstepping deltaic lobes, 169 whereas if τ/T ≤ 1 incision occurs through pre-existing lobes and falling-stage deposits lack well-170 defined terraces ('smooth-topped' sensu Posamentier and Morris, 2000) . These are some of the 171 first field-based results that verify the predictions of Muto and others (e.g. Muto 
suggests that sediment is burying the unconformity as it forms ('cut and cover' model of 177
Holbrook and Bhattacharya, 2012). Though, it is admittedly not clear how much of this 178 deposition during RSL fall will be preserved in the geologic record. Our results also suggest 179 avulsion is an important process in emplacing falling-stage strata. Given this, the stratigraphic 180 architecture of falling-stage deposits depends on the rate of RSL fall, since the number of 181 terraced deltaic lobes scales with RSL fall rate (Fig. 2D) . This result has implications for 182 reservoir properties, such as sand-body connectivity, which may decrease at higher rates of RSL 183 fall due to the presence of more terraced deltaic lobes. 184
CONCLUSIONS 185
The response of fluvio-deltaic systems to relative sea level (RSL) fall has received 186 considerable attention in the past, but new views, suggesting sediment deposition is common 187 
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